A collection of 72 reference strains of the Sufmoneffu typhimurium complex of clones recovered from a variety of hosts and environmental sources in diverse geographic locations has been established for use in studies of variation in natural populations. Included are strains of the serovars S typhimurium, S. sdntpuuf, S. heidefberg, S.purutyphi B (including varietyjatra) and S. muenchen. The strains, which have been characterized by enzyme electrophoresis for allelic variation in 24 chromosomal structural genes and represent 48 distinctive multilocus genotypes (electrophoretic types or ETs), exemplify the full range of genotypic variation in the S. typhimurium complex. Evolutionary genetic relationships among the ETs are indicated in a phylogenetic tree generated by the neighbourjoining method from a matrix of Nei's standard genetic distance.
Introduction
Classification and identification of strains of Salmonella within the seven subgroups (variously termed subgenera or subspecies) defined by DNA hybridization and biochemical characteristics (Crosa et al., 1973 ; Le Minor et al., 1986; Reeves et al., 1989) have been based on the Kauffmann-W hite scheme of serotyping developed in the 1930s, augmented to some degree by biotyping (Ewing, 1986; Le Minor, 1984) . Within subgenus I, which includes the great majority of the more than 2200 serovars that have been distinguished on the basis of antigenic variation in the somatic lipopolysaccharide (0) and the phase 1 (H 1) and phase 2 (H2) flagellins, serovars are assigned to groups on the basis of their major 0 antigenic factors. But because serotyping and biotyping do not provide an adequate basis for estimating overall levels of genetic relatedness among strains, there has been no phylogenetic framework within which to study the evolution of host adaptation, pathogenicity, and other traits in this medically important group of bacteria.
Recently, an evolutionary genetic framework for the genus Salmonella has been constructed through application of the technique of multilocus enzyme electroAbbreviations : ECOR, Escherichia coli reference collection ; ET, electrophoretic type ; SARA, Salmonella reference collection A.
phoresis, which estimates overall genetic relatedness among strains by indirectly assessing allelic variation in a large number of chromosomal structural genes encoding metabolic enzymes (Selander et al., 1986) . Limitations to the Kauffmann-W hite serological scheme of classification have been emphasized by the demonstration that strains of the same serovar may be distantly related in multilocus enzyme genotype and that the 0 antigen groups of subgenus I may similarly be polyphyletic (Beltran et al., 1988; Selander et al., 1990a, b) . This work has also shown that the population structure of the salmonellae is basically clonal, with each serovar being represented by one or a few predominant clones of widespread if not global distribution (Beltran et al., 1988 ; Reeves et al., 1989 ; Selander et al., 1990a, 6) . Comparative sequencing of the flagellin genes in strains of several serovars has implicated both intragenic and interstrain recombination as mechanisms generating new serovars (Frankel et al., 1989; Smith & Selander, 1990; Smith et al., 1990) .
Most information on genetic and phenotypic variation in Salmonella has been derived from studies of S. typhimurium strain LT2 and a small number of other laboratory strains (Neidhardt et al., 1987) . But in view of increasing interest on the part of microbiologists, molecular biologists and population geneticists in extending analyses of variation to natural populations, we We here report the availability of the Salmonella reference collection A (SARA), which consists of 72 strains (laboratory strain LT2 and 7 1 strains from natural populations) selected to represent the total span of genomic diversity among clones of the S. typhimurium complex of subgroup I (Selander et al., 1990a) , which includes the serovars S. typhimurium, S . saintpaul, S. heidelberg, S. paratyphi B (including variety java) and S. muenchen ( Table 1) . As shown in Table 1 , the H I antigens of the five serovars are distinctive, but all serovars share H2 antigenic factors 1 and 2. S. typhimurium, S . saintpaul, S. heidelberg and S. paratyphi B (including variety java) express 0 antigenic factors 1,4,5 and 12 and are placed in 0 antigen group B on the basis of possession of antigenic factor 4, but S . muenchen has 0 antigenic factors 6 and 8 and is assigned to 0 antigen group C2 (Le Minor, 1984).
Results and Discussion
In an analysis of electrophoretically detectable allelic variation in 24 chromosomal genes encoding metabolic enzymes, we identified 48 electrophoretic types (ETs), marking clones, among a total of 916 isolates of these five serovars examined. The enzymes assayed and the allele profiles of the 48 ETs are indicated in Table 2 . Genetic variation and evolutionary relationships among strains of S. paratyphi B and S . java in relation to biotype characteristics (Barker et al., 1988) have been analysed in detail by Selander et al. ( 1 990a) . Nucleotide sequencing of the H1 flagellin genes of multiple strains of the serovars of the S. typhimurium complex and in strains of other serovars has indicated that horizontal gene transfer and recombination is an important evolutionary mechanism generating serotypic variation ; consequently, variation in the phase 1 flagellins is not phylogenetically informative (Smith & Selander, 1990; Smith et al., 1990) .
SARA includes one isolate of each of these 48 ETs and four or five additional isolates of the predominant clone of each serovar: Tm 1 , Sp 3, He 1 , Pb 1 , Pb 3 and Mu 1 ( Table 1) . Tm 1 is the ET of laboratory strain LT2, which is represented by SARA strain 2. In selecting multiple isolates of the predominant clones, an effort was made to maximize the representation of biotypic, geographical and host diversity. P . Beltran and others Tm12 27 3  3  3  3  Tm13  3 3  3  3  3  Tm14  1 3  3  3  3  Tm15  1 3  3  3  3  Tm16  1 3  3  3  3  Tm17  1 3  3  3  3  Tm21  1 3  3  3  3  Tm22  4 3  3  3  3  Tm23  2 3  3  3  3  s p 1   5   3  3  3  3  s p 2  1 2  3  3  3  S p 3  27 3  3  3  3  s p 4  1 2  3  3   5   He 1 173 3  3  3  3  H e 2  1 3  3  3  3  H e 3  3 2  3  3  3  H e 4  15 2  3  3  3  H e 5  6 3  3  3  3  H e 7  1 3  3  2  3  H e 8  1 3  3  3  3  Pb 1 1 3  3  3  3  Pb5a  1 3  3  3  3  Pb5b  1 2  3  3  3  Pb5c  1 2  3  3 Evolutionary genetic relationships among the 48 ETs are indicated in the phylogenetic tree in Fig. 1 , which was generated by the neighbour-joining algorithm (Saitou & Nei, 1987 ) from a matrix of Nei's standard genetic distance (Nei, 1987) , based on pairwise comparison of ETs at 24 enzyme loci. This algorithm has been shown in simulation studies to recover the correct tree topology when evolutionary rates vary among lineages (Saitou & Nei, 1987) . We rooted the tree at the node connecting the longest branch (Sp 4). The distance between two ETs in the tree is the sum of the lengths of the horizontal branches in the path connecting them and is interpreted as the number of electrophoretically detected codon differences per locus, In terms of total genotypic diversity, the SARA strains are roughly equivalent to strains of group A of the ECOR collection (Selander et al., 1987) .
For convenience of reference, six clusters of ETs in Fig. 1 are designated by letter. Thirteen of the 17 ETs of S. typhimurium fall in cluster F, but Tm 11, Tm 12 and Tm 23 are in cluster D, and Tm 10 stands apart near cluster E, which consists of the six ETs of S. heidelberg. Except for Sp 4, which is a highly divergent genotype, the ETs of S. saintpaul do not cluster separately from those of S. typhimurium. S. paratyphi B (including variety java) is markedly heterogeneous, with ETs in clusters A, B and C, and Pb 2a and Pb 4 representing separate lineages; cluster C includes all the monophasic strains of this serovar. Five of the six ETs of S. muenchen fall in clusters A and B, with ETs of S. paratyphi B, but Mu 3 represents a divergent lineage.
Two additional reference collections of Salmonella strains are currently being prepared, one representative of genomic variation among strains of many of the common serovars of subgenus I, and another consisting of isolates of serovars of all the subgenera of Salmonella.
